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Abstract
This study aimed to compare cognitive and memory abilities between older adults with and without autism over the age 
of 50. Twenty-eight individuals with autism and 29 typically developing (TD) older adults took part in the current study. 
Participants’ cognitive and memory abilities were assessed by WAIS-IV and WMS-IV. Older autistic adults were found to 
have poorer performance in processing speed and visual working memory, but they performed at a similar level as TD con-
trols in all other domains. Poorer processing speed and visual working memory are also often found to be associated with 
age-related decline in neurotypical adults. Longitudinal studies are warranted to explore how the combination of ageing and 
autism affects cognitive functioning in older adults.
Keywords Autism · Older adults · Memory · Cognitive · Processing speed
Introduction
Ageing in typically developed (TD) adults is associated 
with decline in cognition, with specific subtypes of mem-
ory (McDaniel and Einstein 2011) and specific aspects of 
overall cognitive functioning, such as processing speed, 
affected (Grady 2012). There are a number of studies point-
ing to differences in executive function and episodic memory 
between children and young adults with Autism and their 
TD peers (Barendse et al. 2013; Boucher et al. 2012; Geurts 
et al. 2009; Geurts and Vissers 2012; Happe et al. 2006; 
Hill 2004; Pellicano 2010; Pennington and Ozonoff 1996; 
Sachse et al. 2013; Sergeant et al. 2002). However, Autism 
is a lifelong condition (Brugha et al. 2011) and it remains 
unclear whether or how having Autism affects degree or 
type of cognitive change in ageing (Lever and Geurts 2016). 
Understanding differences between people with an Autism 
diagnosis and TD adults as they age is of clinical importance 
as significant decline in specific areas of cognitive function-
ing can be a prodromal indication of dementia (Albert et al. 
2011). For example, the most common form of dementia, 
Alzheimer’s disease, starts with initial episodic (particularly 
delayed memory) impairment (Salmon and Bondi 2009).
Work in younger adults with Autism is informative, but 
cannot be directly transferred, given the potential change in 
cognition as individuals age (Lever and Geurts 2016). Work 
in younger adults with Autism has indicated that they differ 
in specific aspects of intellectual functioning from TD adults 
even when their overall intellectual functioning is in the 
average range. For example, verbal IQ is, on average, simi-
lar to TD adults, but processing speed (Geurts et al. 2008; 
Mayes and Calhoun 2008; Oliveras-Rentas et al. 2012) and 
working memory (Barendse et al. 2013) tend to be poorer.
Research in older adults with Autism is very scarce 
compared to research in children and adolescents with 
Autism. This is perhaps because it has been difficult to 
recruit older adults with a confirmed diagnosis of Autism 
since Autism was only included in the psychiatric classifi-
cation system about three decades ago (van Niekerk et al. 
2011). There has been a lack of research in psychosocial 
and cognitive outcomes in adults aged over 50 with Autism 
and thus there is an urgent need to address this gap in the 
literature so as to understand the unique needs of older 
adults with Autism and also how best to support them. 
Several studies examined memory abilities in older adults 
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with Autism but findings were not consistent (Davids et al. 
2016; Geurts and Vissers 2012; Lever and Geurts 2016). 
For example, one study suggested that older people with 
Autism and average or above IQ have a similar pattern of 
memory strengths and weaknesses to that found in younger 
adults with Autism and average IQ and concluded that in 
some cases weaknesses may improve with age relative to 
TD adults (Lever et al. 2015). By contrast, a second study 
tentatively concluded that age and a diagnosis of Autism 
may interact leading to greater cognitive decline relative 
to TD adults in visual memory (Geurts and Vissers 2012).
These inconsistent findings as to memory may, in part, 
be due to lack of reliability and validity of assessment 
tools. Studies thus far (Geurts and Vissers 2012; Lever 
and Geurts 2016; Lever et al. 2015) have used single sub-
tests from different assessment batteries to tap particular 
aspects of memory. This may lack both reliability and con-
tent validity (Crawford et al. 2012). Thus, there is a need 
to examine memory profiles using reliable and well-vali-
dated assessment batteries that employ multiple subtests 
to assess a broad spectrum of memory functions, based 
on a theoretically consistent model. One such assessment 
battery is the Wechsler Memory Scale—Fourth Edition 
(WMS-IV; Wechsler 2009a).
Spek et al. (2017) compared cognitive profiles between 
older adults with and without Autism with the use of 
Wechsler Adult Intelligence Scale-Third Edition (WAIS-
III; Wechsler 2008a). They found that the two groups only 
differed in processing speed whereby TD controls outper-
formed older adults with Autism. Among the two process-
ing speed subtests, a significant difference only emerged in 
Digit Symbol coding (DSC) but not Symbol Search (SS), 
with the TD controls outperforming older adults with 
Autism in the DSC subtest. While Spek et al. (2017) used 
the WAIS-III, the newer edition the WAIS-IV has been 
found to be a better measurement of intelligence as it pro-
vides a better measure of working memory and process-
ing speed (Taub and Benson 2013). Given that individuals 
with Autism tend to have poorer performance in both of 
these areas, the WAIS-IV seems to be a better measure to 
employ so as to further our understanding of the cognitive 
profile in older adults with Autism. Furthermore, since 
the WAIS-IV was co-normed with the WMS-IV, its inclu-
sion in the current study allowed for adjustment of each 
individual’s memory scores for their intellectual abilities. 
This facilitated interpretation of any obtained memory dif-
ferences between TD and autistic groups as any effect of 
IQ differences was obviated. In general, understanding the 
nature of memory and intellectual ability profiles in older 
adults with Autism may inform the use of neuropsycholog-
ical assessment in dementia diagnostic settings (Salmon 
and Bondi 2009), since understanding what is typical 
in those with Autism will help inform understanding of 
whether cognitive decline is present or not (Geurts and 
Vissers 2012).
In summary, the current study aimed to address a gap 
in the literature by measuring profiles of intellectual abili-
ties in adults aged over 50 with and without Autism using 
a reliable and well validated measure. Another aim was to 
add to the limited previous work examining memory differ-
ences in these groups by using a theoretically derived, well-
validated measure of memory to further elucidate memory 
profile differences between adults aged over 50 with and 
without Autism. The over 50 age cut off was used based 
on previous work in this area (Geurts and Vissers 2012; 
Lever and Geurts 2016) and a recent policy report on aging 
with Autism by the National Autistic Society (2013) which 
defined ‘older’ as over 50 years of age. In the light of con-
flicting findings from previous research, this study aimed to 
address the following questions:
(1) Are there significant differences between people aged 
over 50 with and without Autism on indices of the 
WAIS-IV? It is hypothesised that similar to younger 
people with Autism and results from Spek et  al.’s 
(2017) study, older adults with Autism will have lower 
scores in processing speed and working memory indi-
ces relative to TD controls.
(2) Are there significant differences between people aged 
over 50 with and without Autism in WMS-IV memory 
indices when: (a) memory index scores are adjusted for 
IQ and (b) memory index scores are not adjusted for 
IQ?
Method
Design
A between groups cross sectional design was used.
Sample Size
Power analysis for this study was informed by the study 
conducted by Geurts and Vissers (2012), which compared 
cognitive abilities between individuals with and without 
Autism over 50 years of age. Their results suggested that 
older adults with Autism exhibited deficits in working mem-
ory with a large effect size. Calculations using G*Power 
(Faul et al. 2007), suggested that the sample size required to 
find a similar effect size, (where a between groups t test was 
used with power (1-beta) = 0.8 and alpha = 0.05) would be 
21 participants in each group. To be conservative, we aimed 
to over-recruit by a third.
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Ethical Approval
The present study was approved by the UCL Research Eth-
ics Committee [11161/001].
Participants
Autism Group
A convenience sample of 28 adults aged over 50 with 
Autism were recruited from four sources: (i) partici-
pants agreeing to be contacted following a previous study 
(Hickey et al. 2017); (ii) an Autism register held at UCL; 
(iii) community based groups and (iv) online advertise-
ment. Inclusion criteria included fluent English speakers 
aged 50 years old or above with Autism, defined here as a 
diagnosis of Autism Spectrum Disorder (ASD) (Diagnos-
tic and Statistical Manual of Mental Disorders—Fifth Edi-
tion (DSM-5), American Psychiatric Association 2013a, 
b) or, as many diagnoses preceded the DSM-5 criteria, i.e. 
Autistic disorder, Asperger Syndrome (AS) and Pervasive 
Developmental Disorder Not Otherwise Specified (PDD-
NOS) (Diagnostic and Statistical Manual of Mental Dis-
orders—Third Edition (DSM-III), American Psychiatric 
Association 1980; National Autistic Society 2016). Diag-
nostic status of all individuals with Autism was based on 
self-report, with participants providing their diagnosis and 
the name of the service in which they received their diag-
nosis. Participants were excluded from the present study 
if they reported to have any current or history of other 
neurodevelopmental disorders (i.e. ADHD) or cognitive 
difficulties, a diagnosis of learning difficulties/disability 
(or IQ < 70 on the WAIS-IV used in this study) or a sen-
sory disability (uncorrected severe visual impairment) that 
would prevent them from engaging with the test material.
Control Group
An IQ matched sample of 29 TD individuals was recruited 
for this study through community groups and advertising 
on online platforms. All participants were fluent English 
speakers aged 50 years old or above and had an IQ of 70 
or above. None of the 29 control participants reported any 
current or history of any cognitive difficulties, global or 
specific learning or sensory disability that would prevent 
them from engaging easily with the test material. All con-
trol participants completed the Adult Autism Spectrum 
Quotient (AQ; Baron-Cohen et al. 2001) to screen for 
Autism. Participants who scored above cut-off (≥ 32) on 
the AQ, were excluded from the study.
Materials
Demographic Information
Participants’ demographic information was collected by a 
demographic questionnaire that was designed for the present 
study.
Autism‑Spectrum Quotient (AQ)
AQ (Baron-Cohen et al. 2001) is a 50 item self-report meas-
ure of autistic traits (attention switching, communication, 
social skills, attention to detail and imagination) with good 
test–retest reliability (Baron-Cohen et al. 2001, 2006; Hoek-
stra et al. 2008). There are four response options ranging 
from definitely disagree to definitely agree with a response 
endorsing symptoms of Autism receiving a score of 1. Total 
scores range from 0 to 50, with higher scores indicating 
higher levels of autistic traits. The clinical cut-off of AQ 
is ≥ 32 and screening cut-off value is ≥ 16 (Baron-Cohen 
et al. 2001). AQ has been replicated across different ages 
(Auyeung et al. 2008) and cross-culturally (Hoekstra et al. 
2008; Wakabayashi et al. 2006). In the current study AQ was 
only given to the controls for exclusion criterion purposes 
as detailed earlier.
Wechsler Adult Intelligence Scale—Fourth Edition 
(WAIS‑IV)
WAIS-IV (Wechsler 2008a) is a reliable measure of intel-
lectual abilities, with large representative normative data 
and extensive research indicating its high levels of valid-
ity and reliability to assess cognitive ability in individuals 
aged 16–90 (Climie and Rostad 2011). The WAIS-IV has 15 
subtests, 10 of which are ‘core’ and were completed in the 
current study. These 10 tests are scored on a scale from 1 to 
19 with a mean of 10 and standard deviation of 3. The scaled 
scores are combined to create six composite score indices 
(range 50–150, Md = 100, SD = 15) derived from theoreti-
cal and factor analytic models (Wechsler 2008b, c). Indices 
include: (i) Verbal Comprehension Index (VCI), (ii) Percep-
tual Reasoning Index (PRI), (iii) Working Memory Index 
(WMI), (iv) Processing Speed Index (PSI), (v) General 
Ability Index (GAI), and (vi) Full-Scale IQ (FSIQ). Both 
GAI and FSIQ provide an overall estimate of an individual’s 
intellectual ability, but they differ in how they are derived. 
FSIQ is derived from the 10 cores subtests, whereas GAI is 
derived from only core Verbal Comprehension and Percep-
tual Reasoning subtests. Compared to FSIQ, GAI provides 
an estimate of general intellectual ability that has a reduced 
emphasis on working memory and processing speed. The 
dependent variables used to examine intellectual ability pro-
file in the current study were VCI, PRI, WMI and PSI.
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Wechsler Memory Scale—Fourth Edition (WMS‑V)
WMS-IV (Wechsler 2009a) is a reliable and well-validated 
measure of memory abilities in individuals aged 16–90 
(Horne and McDonald 2012). It consists of ten subtests, 
which contribute to five primary index scores derived from 
factor analytic work and theoretical models of memory 
(Wechsler 2009b, c). Indices include: Auditory Memory 
Index (AMI), Visual Memory Index (VMI), Visual Working 
Memory Index (VWMI), Immediate Memory Index (IMI) 
and Delayed Memory Index (DMI).
IQ adjusted Memory Index Scores can be obtained in 
the form of Contrast Scaled Scores (CSS). These represent 
the examinee’s rank order on memory indices relative to 
intellectual functioning equivalent peers in the WMS-IV 
standardisation sample. Consequently, a CSS is a measure 
of the level of performance on an index in comparison to 
general ability matched peers. A CSS for each memory index 
can be obtained from a table in the WMS-IV manual using 
a participant’s obtained WAIS-IV GAI and WMS memory 
index scores. CSS range from 1 to 19 and have a mean of 10 
and a standard deviation of 3. In the current study original 
indices were used in the primary analysis with a sensitivity 
analysis run to see if results held true when CSS were used.
Procedure
Participants were first asked to read the information sheet 
of the present study and then they were asked to complete a 
consent form and a demographic questionnaire. The WAIS-
IV and WMS-IV were then administered. To minimize 
order effects, the order in which WMS-IV and WAIS-IV 
were administered was counterbalanced across participants. 
Participants in the control group also completed the AQ to 
assess the presence of any autistic traits. Following success-
ful completion of the testing session, all participants were 
sent a brief report about their assessed performance.
Data Analysis
All data were analysed using SPSS version 25. Participants’ 
characteristics were compared to see if there were any sig-
nificant differences between the two groups apart from 
Autism status. Chi Square tests or Fisher’s exact tests were 
used for categorical data. Continuous data were evaluated 
as to whether they met assumptions of parametric statisti-
cal tests. Depending on whether data (transformed or oth-
erwise) met parametric assumptions, independent sample 
t-tests or Mann–Whitney U tests were used to compare the 
participant characteristics and different index score between 
Autism and control groups. Due to the multiple comparisons 
made between groups across different cognitive domains, 
Bonferroni corrected p-values were employed to control for 
Type I error.
As observed index score differences between TD and 
Autism groups might be due to demographic differences 
between these groups rather than Autism per se, it was con-
sidered important to test whether group differences in index 
scores remained after accounting for demographic differ-
ences. Consequently, exploratory hierarchical regression 
analyses were conducted for each IQ/memory index score 
that differed significantly between TD and Autism groups. 
The dependent variable in each of these regressions was 
an index score that differed significantly between the two 
groups and the independent variables were Autism status 
and any demographic variable that: (a) significantly differed 
between TD and Autism groups, and (b) correlated signifi-
cantly with index score performance. Demographic vari-
ables were entered as a first step in the regression. Autism 
status was then entered as a second step to assess whether 
having Autism still had an influence on index score perfor-
mance over and above any important demographic difference 
between the TD and Autistic groups.
Results
Participant Characteristics
In total, 119 individuals emailed the researcher to express 
interest in participating in the study. At the end, 57 individu-
als consented to take part in the current study, 29 of them 
were TD older adults and 28 were older adults with Autism. 
Two TD controls were excluded from the analysis as their 
AQ ≥ 32 leaving 27 TD adults in the final analyses. Table 1 
summarizes participants’ characteristics and differences in 
demographics between the controls and Autism group. The 
groups did not differ significantly from one another in age 
or overall IQ. In addition, no significant group difference 
was found in ethnicity (White/non-white) or level of educa-
tion. However, there was a significant difference in gender 
between Autism and control group, x2(1) = 11.44, p = 0.01.
Differences in Intellectual Ability Indices Between 
TD Over 50 s and Over 50 s with Autism
Table 2 summarises participants’ WAIS-IV index scores 
across different cognitive domains. Four t-tests were con-
ducted and thus the Bonferroni corrected p-value is 0.0125. 
There was a statistically significant difference in PSI scores 
between the two groups, with control group (M = 111.30, 
SD = 13.12) scoring higher than the Autism group 
(M = 99.39, SD = 15.33), t(53) = 3.09, p = 0.003, d = 0.91. 
The only domain that the Autism group had a higher mean 
Journal of Autism and Developmental Disorders 
1 3
index score than the controls was VCI, but the difference 
was not found to be significant and the effect size of the 
difference was small (d = 0.34). There were no statistically 
significant differences between groups in other domains.
Follow-up analyses (t-tests) were performed to explore 
if there was a significant difference between two groups in 
the two PSI subtests. TD controls outperformed those with 
Autism on both PSI subtests (SS: t (53) = 2.48, p = 0.02; 
DSC: t(53) = 3.46, p = 0.001).
Differences in Memory Indices Between TD Over 50 s 
and Over 50 s with Autism
Five group comparisons (all t-tests) were conducted and 
thus the Bonferroni corrected p-value is 0.01. Table 3 sum-
marises participants’ WMS-IV index scores across differ-
ent domains. There was a statistically significant differ-
ence in VWMI between the two groups, with control group 
(M = 116.40, SD = 14.53) scoring higher than the Autism 
group (M = 102.86, SD = 18.24), t (53) = 3.04, p = 0.004, 
d = 0.93.
Differences in IQ Adjusted Memory Indices (CSS) 
Between TD Over 50 s and Over 50 s with Autism
Table 4 summarises participants’ CSS across different mem-
ory domains. In total, five group comparisons (one t-test and 
four Mann–Whitney U-tests) were conducted and thus the 
Bonferroni corrected p-value is 0.01. As with non-adjusted 
memory index scores, there was a statistically significant dif-
ference found in the CSS of VWMI between the two groups, 
in which the control group (Mdn = 12.00) performed better 
than the Autism group (Mdn = 8.00), U = 190.00, z = − 3.18, 
p < 0.01, r = 0.43.
Exploratory Regression
For the two significant differences between groups (the PSI of 
the WAIS-IV and the VWMI of the WMS-IV), it was assessed 
whether any demographic differences between groups might 
confound the difference in the mean index scores of the two 
groups. For PSI, the only demographic variable associated 
with performance was gender (r = 0.28, p = 0.04). For VWMI, 
no demographic variables were associated with performance. 
Consequently, one hierarchical multiple linear regression was 
performed with gender entered first as a predictor of PSI per-
formance and diagnosis entered afterwards. The full model 
of gender and diagnosis to predict PSI scores was statistically 
Table 1  Characteristics of participants with autism and matched con-
trols
a Mann–Whitney U-test was used
b Median was reported due to non-normal data distribution, Mann–
Whitney U-test was used as a significance test
c Chi square test was used
d Independent-sample t-test was used
e The number between slash indicates number of participants who are 
white/who are non-white
f Fisher’s exact test was used
g The number between slash indicates number of participants who did/
did not receive higher education. According to the National Qualifica-
tion Framework (NQF), individuals who achieved NQF level 4 (i.e. 
above A-levels) are considered as receiving higher education and the 
present study also adopted the same framework in assessing whether 
participants had higher education
*p = 0.05
^No significant group differences were found
Group
Autism (n = 28) Control (n = 27)
Agea,^
 Medianb (range) 61 (50–72) 63 (50–68)
Gender*,c 22 M/6 F 9 M/18 F
IQd,^
 Mean (SD) 113.39 (18.11) 118.89 (11.59)
Ethnicitye,f,^
 White/non-White 25/3 23/4
Educationc,g,^
 No higher education/
higher education
7/21 7/20
AQ
 Mean (SD) – 17.33 (6.20)
Table 2  Group comparisons on 
each WAIS-IV Index Score
a The scores were winsorized due to extreme outliers
*p < 0.0125 indicating significant p-value after Bonferroni correction
Control
n = 27
Autism
n = 28
p-value Effect size
(Cohen’s d)
Total sample
N = 55
WAIS-IV Index Scores, Mean (SD)
 VCI 112.74 (11.27) 116.54 (15.47) 0.31 0.34 114.67 (13.59)
 PRI 118.74 (13.96) 111.14 (18.08) 0.09 0.54 114.87 (16.49)
 WMIa 116.85 (11.33) 114.25 (16.87) 0.51 0.23 115.53 (14.35)
 PSI 111.30 (13.12) 99.39 (15.33) 0.003* 0.91 105.24 (15.38)
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significant, R2 = 0.17, F (2,52) = 5.18, p < 0.01; adjusted 
R2 = 0.13. Results indicated that having an Autism diagno-
sis was associated with reduced PSI over and above gender. 
Specifically, the addition of diagnosis to the prediction of PSI 
scores led to a statistically significant increase in R2 of 0.09, 
F (1,52) = 5.40, p < 0.05. In addition, diagnosis was a signifi-
cant predictor of performance (β = − 0.33, p = 0.02) with an 
Autism diagnosis associated with 0.33 point decrease in PSI. 
Gender was no longer a significant predictor when diagnosis 
was added to the model.
Discussion
This was the first study to examine intellectual ability and 
memory ability differences between older autistic adults 
and TD older adults using reliable and well-validated 
measures (WAIS-IV and WMS-IV).
Table 3  Group comparison on 
each WMS-IV index score
a The scores were winsorized due to extreme outliers
*p < 0.01 indicating significant p-value after Bonferroni correction
Control
n = 27
Autism
n = 28
p-value Effect Size 
(Cohen’s d)
Total sample
N = 55
WMS-IV Index Scores, Mean (SD)
 AMI 114.59 (15.56) 108.96 (18.02) 0.22 0.36 111.73 (16.94)
 VMIa 106.85 (18.08) 98.29 (14.45) 0.06 0.47 102.49 (16.74)
 VWMIa 116.40 (14.53) 102.86 (18.24) < 0.01* 0.93 109.51 (17.74)
 IMI 111.63 (16.47) 104.00 (17.23) 0.10 0.46 107.75 (17.15)
 DMI 113.41 (16.17) 105.11 (18.68) 0.08 0.51 109.18 (17.83)
Table 4  Group comparison on 
each WMS-IV Contrast Scaled 
Score
a Independent-samples t-test was used to compare the mean index scores between Autism and control group
b Mann–Whitney U test was employed to compare the medians of index scores between Autism and control 
group
c Effect size was calculated in the form of Cohen’s d, where d = 0.2 (small effect); d = 0.5 (medium effect) 
and d = 0.8 (large effect size)
d Effect size was calculated in the form of Pearson’s correlation coefficient (r), where r = 0.10 (small effect); 
r = 0.30 (medium effect) and r = 0.50 (large effect)
*p < 0.01, indicating significant p-value after Bonferroni correction
Control
n = 27
Autism
n = 28
p-value Effect size Total sample
N = 55
WMS-IV Contrast Scale Scores
 AMIa
  Mean (SD) 12.26 (3.12) 10.86 (3.90) 0.15 0.45c 11.55 (3.58)
 VMIb
  Median (range) 10.00 (4.00–17.00) 8.00 (3.00–13.00) 0.10 0.22d 8.00 (3.00–17.00)
 VWMIb
  Median (range) 12.00 (6.00–16.00) 8.00 (1.00–17.00) < 0.01* 0.43d 10.00 (1.00–17.00)
 IMIb
  Median (range) 11.00 (5.00–16.00) 9.5 (1.00–16.00) 0.19 0.18d 10.00 (1.00–16.00)
 DMIb
  Median (range) 11.00 (6.00–18.00) 9.00 (2.00–19.00) 0.06 0.25d 10.00 (2.00–19.00)
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Cognitive Abilities
Over 50s with Autism were found to be performing at a 
similar level as those without Autism on verbal comprehen-
sion, perceptual reasoning and working memory. However, 
at the same time, they also had significantly lower scores on 
the processing speed index compared to the controls. This 
finding is in keeping with results reported by Spek et al. 
(2017) who also found that older adults with Autism per-
formed significantly worse than TD older adults on process-
ing speed measures. Impairment in processing speed has 
also been found in previous studies with children and adults 
with Autism (Geurts et al. 2008; Powell et al. 2017; Spek 
et al. 2008). Deficits in processing speed refer to difficulties 
in processing and integrating visual information and then 
responding to this information. Poor performance in process-
ing speed in individuals with Autism might be due to weak 
central coherence and differences in executive functioning, 
both of which are theorised to be characteristics of individu-
als with Autism. With respect to weak Central Coherence, 
processing speed performance of individuals with Autism 
might be affected by focusing on detail and the individual 
parts of the whole and associated difficulties in top-down 
processing, set shifting and disregarding unrelated details. 
For that reason, individuals with Autism have to work slowly 
so as to continue to keep a global view of what they are 
doing (Happe 2005; Shah and Frith 1993; Spek et al. 2008, 
2017). Spek et al. (2017) also tried to unpick what contrib-
uted to the impairment in processing speed in older adults 
with Autism. By looking at their participants’ performance 
on the two processing speed subtests on WAIS-III, they 
found that older adults with Autism (aged 60 or above) only 
displayed impairment in one of the subtests, Digit symbol-
coding (DSC) subtest, but not the Symbol Search (SS) 
subtest. However, the present study did not replicate such 
findings as we found control group outperformed Autism 
group on both PSI subtests. One possible reason as to why 
we did not replicate Speck et al. (2017)’s findings might 
be due to that fact that the average participant’s age in the 
current study was younger than those in Spek et al. (2017)’s 
study. In addition, the publisher of WAIS-IV identified the 
measurement of processing speed and working memory as 
two areas of weakness in WAIS-III. After incorporating 
Carroll’s Three Stratum Theory (Carroll 1993, 1997) as the 
theoretical blueprint for WAIS-IV (Taub and Benson 2013; 
Wechsler 2008c), several changes were made to WAIS-IV 
subtests to improve reliability and validity of the measure-
ment of processing speed and working memory. For exam-
ple, more symbols were added to the coding task and new 
trials of digit span forward and backwards were added (Taub 
and Benson 2013). In other words, the WAIS-IV subtests 
might be more sensitive in picking up difficulties in pro-
cessing speed experienced by individuals with Autism than 
the WAIS-III. Hence, this might be another reason why the 
current study did not replicate Speck et al’s (2017) results.
Another potential explanation of poorer processing 
speed performance in older adults with Autism is that they 
have a tendency to adopt a more careful and conservative 
response strategy. This hypothesis is supported by a previ-
ous study (Lever et al. 2017) that looked at inference control 
in individuals with Autism. Lever et al. (2017) also found 
that middle-aged and older adults with Autism employed a 
more conservative response strategy than young adults with 
Autism who did not adopt the same accuracy over speed 
bias. Similarly, it is possible that older adults with Autism 
in the present study adopted the same strategy when they 
approached the processing speed subtests and thus leading 
to lower PSI scores compared to the controls.
Memory Abilities
Older adults with Autism performed at a similar level to 
those without Autism on auditory memory, visual memory, 
immediate memory and delayed memory, but differed in vis-
ual working memory. A similar pattern of results was found 
for IQ adjusted memory scores, in which TD older adults 
outperformed older adults with Autism in visual working 
memory.
Previous findings suggests that age-related cognitive 
decline and working memory performance might be influ-
enced by several factors, for instance decline in sensory 
functioning, poorer interference control and reduced pro-
cessing speed (Salthouse 1996; Baltes and Lindenberger 
1997; Hasher and Zacks 1988). Some of these factors are 
also known to be characteristics of Autism, therefore it is 
possible that working memory performance in older adults 
with Autism represents a ‘double jeopardy’ effect of Autism, 
whereby Autism may have an additional negative impact on 
age-related cognitive decline.
One interesting finding in our study is that older adults 
with Autism performed worse in visual working memory 
tasks than typically developed controls but no group dif-
ference was found in verbal working memory tasks. This 
difference between verbal and visual tasks may also explain 
some of the discrepancies in previous literature on working 
memory differences. For instance, Geurts and Vissers (2012) 
found deficits in visual working memory in older adults with 
Autism, whereas Lever et al. (2015) revealed similar level of 
working memory performance in individuals with Autism 
and TD controls. Geurts and Vissers (2012) used the Spa-
tial Span task from WMS-III, whereas Lever et al. (2015) 
employed the N-back task. Unlike the stimuli used in the 
Spatial Span task, the N-back task uses simple pictures as 
stimuli that are easy to name or verbalise. It was therefore 
hypothesized that participants with Autism might have used 
verbal strategies, which could have helped them perform 
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better (Koshino et al. 2005; Williams et al. 2005). Hence, 
individuals who are aged over 50 with Autism may have 
difficulties in working memory and may be limited to the 
processing of visual information that is not easily verbalised.
Strengths and Limitations
Strengths of this study pertain to the use of a well-validated 
test battery measuring both cognitive and memory abilities. 
One of the reasons why there has been inconsistent findings 
regarding cognitive and memory abilities in older adults 
with Autism is the use of less robust and comprehensive 
measures. Therefore, the present study aimed to build on 
previous work by employing the WAIS-IV and WMS-IV, 
which have high reliability and validity in assessing intel-
lectual abilities and various memory abilities. In addition, 
the present study is also the first to look at IQ adjusted 
memory abilities which allows more accurate interpretation 
of participants’ memory abilities as the influence of any IQ 
differences between individuals can be controlled for. Fur-
thermore, all participants with Autism in the present study 
were aged of 50 or over and there have only been a handful 
of studies that explored cognitive functioning in individuals 
with Autism in this age group.
There are also several limitations to the present study. 
Participants were all in the normal to high functional range 
without any co-morbid intellectual disabilities in order to 
focus specifically on Autism without the confounding fac-
tor of having an intellectual disability. This might limit the 
representativeness of the present findings as there is a high 
prevalence rate of Autism in individuals who have co-occur-
ring intellectual disabilities (Matson and Shoemaker 2009).
Secondly, although the National Autistic Society (2013) 
and previous research converged upon the idea that individu-
als with Autism aged 50 or above are considered as older 
adults, age-related cognitive decline in TD individuals is 
reported to generally have an onset at around 60 years of age 
(Nilsson et al. 2009; Treitz et al. 2007; Geurts and Vissers 
2012). While the participants’ median age was 61 years old 
and there was a wide range of ages participating in the study, 
many individuals in the present study were under the age of 
60. Therefore, it may be best to consider the current findings 
as pertaining to a ‘young old’ Autism group. Future studies 
should be conducted to check if they can replicate the pre-
sent findings with an older sample (aged 60 or above). It is 
also worth noting that the present study was cross-sectional, 
rather than longitudinal, thus no firm conclusions can yet 
be drawn as to how cognition changes as individuals with 
Autism age. Nonetheless, the current sample provided some 
initial insight into the cognitive and memory abilities in indi-
viduals with Autism as they enter late adulthood.
Thirdly, the Autism and control group were not balanced 
in terms of gender with there being a higher proportion 
of female to male participants in the control group, and a 
reverse pattern was found in the Autism group. In the Autism 
group this is a pattern that tends to be seen in the relative 
proportion of males to females receiving a diagnosis. A 
recent systematic review revealed that the male to female 
ratio in meeting criteria for Autism is about 3:1 (Loomes 
et al. 2017). As mentioned in the results section, gender was 
found to be associated with processing speed performance. 
While our regression analyses suggested that gender did not 
confound the relationship between diagnosis and cognitive 
performance, future studies should continue to explore the 
effect of gender on cognitive performance with a larger sam-
ple of autistic older adults and TD older adults as previous 
studies have found that age-related decline begins earlier 
in TD men than in TD women and there is no significant 
gender difference in terms of prevalence of dementia in TD 
population (Ruitenberg et al. 2001; Gur and Gur 2001).
In addition, we recruited participants with Autism if they 
reported that they received a clinical diagnosis of Autism 
prior to the study. However, we did not employ other diag-
nostic measures, i.e. AQ and ADOS, to ascertain whether 
their Autism diagnoses were accurate. On reflection, the 
Autism Quotient (AQ) could have been given to participants 
with Autism to verify their diagnosis as the controls were 
asked to complete AQ prior to the experiment.
Another limitation is related to the design of the present 
study. On average, each participant took about 3.5 h to com-
plete all the cognitive assessments and a fatigue effect might 
have presented as a result of long testing duration. How-
ever, attempts were made to mitigate any effect of fatigue by 
counterbalancing the order in which the neuropsychological 
assessments were administered.
Clinical Implications and Future Research
By considering the cognitive and memory abilities of older 
adults with Autism, this study furthers our understanding 
of the levels of cognitive functioning in this population and 
it allows us to examine whether cognitive differences evi-
denced in children and adolescents with Autism persist into 
older adulthood.
Deficits in processing speed and working memory have 
previously been found to be evident in children and adults 
with Autism (Geurts et al. 2004, 2008; Zinke et al. 2010; 
Spek et al. 2008; Powell et al. 2017). The present find-
ings indicated that these deficits seem to persist when this 
population enters late adulthood. Processing speed perfor-
mance is of particular importance as it has been found to be 
closely related to levels of independence in daily functioning 
(Davids et al. 2016; Gothe et al. 2014; Marshall et al. 2011; 
Bell-McGinty et al. 2002; Jurado and Rosselli 2007), hence 
more research into processing speed could be of utility in 
promoting independent living in individuals with Autism. 
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With better knowledge of cognitive functioning in older 
adults with Autism, the development of intervention and 
services for this population can be facilitated so as to meet 
their needs.
While the present study found evidence that older adults 
with Autism had poorer performance in visual working 
memory compared to their TD peers, no significant group 
difference was found in delayed memory, which has been 
found to be the most and earliest affected in Alzheimer’s 
disease (Salmon and Bondi 2009). This is to say our find-
ings suggest that having an Autism diagnosis does not seem 
to confer a risk factor for Alzheimer’s disease, the most 
common type of dementia. However, our findings are cross-
sectional and thus caution needs to be applied in relation 
to conclusions for a longitudinally deteriorating condition 
such as dementia.
To date, all studies, including the present study that inves-
tigated cognitive functioning in older adults with Autism 
have been cross-sectional in design and no longitudinal 
studies have yet been conducted to examine the cognitive 
changes in this population as they age. For that reason, lon-
gitudinal studies are warranted to explore how the combina-
tion of ageing and Autism affects cognitive functioning over 
time in individuals with Autism.
Acknowledgments Authors received no financial support for the 
research, authorship, and publication of this article.
Author Contributions All authors contributed to study conceptualisa-
tion and design. VWST collected and analysed data and drafted the 
manuscript; JC provided advice on design, recruitment of participants 
and data analysis and also helped with drafting and reviewing the man-
uscript for important content. SI participated in data collection, drafting 
and reviewing the manuscript for important content; JS provided advice 
on statistical analyses and material preparation as well as drafting and 
reviewing the manuscript for important content.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H. 
H., Fox, N. C., et al. (2011). The diagnosis of mild cognitive 
impairment due to Alzheimer’s disease: recommendations from 
the National Institute on Aging-Alzheimer’s Association work-
groups on diagnostic guidelines for Alzheimer’s disease. Alzhei-
mer’s & Dementia, 7(3), 270–279.
American Psychiatric Association (APA). (1980). Diagnostic and sta-
tistical manual of mental disorders (3rd ed.). Washington, DC: 
American Psychiatric Association.
American Psychiatric Association. (2013a). Diagnostic and statistical 
manual of mental disorders (5th ed.). Washington DC: American 
Psychiatric Association.
American Psychiatric Association. (2013b). Intellectual disability fact 
sheet. Washington DC: American Psychiatric Association.
Auyeung, B., Baron-Cohen, S., Wheelwright, S., & Allison, C. (2008). 
The Autism Spectrum Quotient: Children’s version (AQ-Child). 
Journal of Autism and Developmental Disorder, 38, 1230–1240.
Baltes, P. B., & Lindenberger, U. (1997). Emergence of a pow-
erful connection between sensory and cognitive functions 
across the adult life span: A new window to the study of cog-
nitive aging? Psychology and Aging, 12, 12–21. https ://doi.
org/10.1037/0882-7974.12.1.12.
Barendse, E. M., Hendriks, M. P. H., Jansen, J. F. A., Backes, W. 
H., Hofman, P. A., Thoonen, G., et al. (2013). Working memory 
deficits in high-functioning adolescents with Autism Spectrum 
Disorders: Neuropsychological and neuroimaging correlates. 
Journal of Neurodevelopmental Disorder, 5(1), 1–11.
Baron-Cohen, S., Hoekstra, R. A., Knickmeyer, R., & Wheelwright, 
S. (2006). The Autism-Spectrum Quotient (AQ)-adolescent 
version. Journal of Autism and Developmental Disorder, 36, 
343–350.
Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, 
E. (2001). The Autism-Spectrum Quotient (AQ): Evidence from 
Asperger syndrome/high-functioning Autism, males and females, 
scientists and mathematicians. Journal of Autism and Develop-
mental Disorders, 31, 5–17.
Bell-McGinty, S., Podell, K., Franzen, M., Baird, A. D., & Williams, 
M. J. (2002). Standard measures of executive function in predict-
ing instrumental activities of daily living in older adults. Interna-
tional Journal of Geriatric Psychiatry, 17(9), 828–834.
Boucher, J., Mayes, A., & Bigham, S. (2012). Memory in autistic spec-
trum disorder. Psychological Bulletin, 138(3), 458–496.
Brugha, T. S., McManus, S., Bankart, J., Scott, F., Purdon, S., Smith, J., 
et al. (2011). Epidemiology of autism spectrum disorders in adults 
in the community of England. Archives of General Psychiatry, 
68(5), 459–465.
Carroll, J. B. (1993). Human cognitive abilities: A survey of factor-
analytic studies. New York, NY: Cambridge University Press.
Carroll, J. B. (1997). The three-stratum theory of cognitive abilities. 
In D. P. Flanagan, J. L. Genshaft, & P. L. Harrison (Eds.), Con-
temporary intellectual assessment: Theories, tests, and issues (pp. 
122–130). New York, NY: The Guilford Press.
Climie, E. A., & Rostad, K. (2011). Test review: Wechsler Adult Intel-
ligence Scale. Journal of Psychoeducational Assessment, 29(6), 
581–586.
Crawford, J. R., Garthwaite, P. H., Longman, S., & Batty, A. M. (2012). 
Some supplementary methods for the analysis of WAIS-IV index 
scores in neuropsychological assessment. Journal of Neuropsy-
chology, 6, 192–211.
Davids, R. C. D., Groen, Y., Berg, I. J., Tucha, O. M., & van Balkom, 
I. D. C. (2016). Executive functions in older adults with autism 
spectrum disorder: Objective performance and subjective com-
plaints. Journal of Developmental Disorders, 46, 2859–2873.
Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G* Power 
3: A flexible statistical power analysis program for the social, 
behavioral, and biomedical sciences. Behavior Research Methods, 
39(2), 175–191.
Geurts, H. M., Corbett, B., & Solomon, M. (2009). The paradox of 
cognitive flexibility in Autism. Trends in Cognitive Science, 13, 
74–82.
Geurts, H. M., Grasman, R. P., Verte, S., Oosterlaan, J., Roeyers, H., 
van Kammen, S. M., et al. (2008). Intra-individual variability in 
ADHD, autism spectrum disorders and Tourette’s syndrome. Neu-
ropsychologia, 46, 3030–3041.
 Journal of Autism and Developmental Disorders
1 3
Geurts, H. M., Verte, S., Oosterlaan, J., Roeyers, H., & Sergeant, J. A. 
(2004). How specific are executive functioning deficits in atten-
tion deficit hyperactivity disorder and autism? Journal of Child 
Psychology and Psychiatry, 45, 836–854.
Geurts, H. M., & Vissers, M. E. (2012). Elderly with autism: Execu-
tive functions and memory. Journal of Autism and Developmental 
Disorders, 42, 665–675.
Gothe, N. P., Fanning, J., Awick, E., Chung, D., Wojcicki, T. R., Olson, 
E. A., et al. (2014). Executive function processes predict mobil-
ity outcomes in older adults. Journal of the American Geriatrics 
Society, 62(2), 285–290.
Grady, C. (2012). Trends in neurocognitive aging. Nature Reviews Neu-
roscience, 13(7), 491–505.
Gur, R. E., & Gur, R. C. (2001). Gender differences in aging: Cogni-
tion, emotions and neuroimaging studies. Dialogues in Clinical 
Neuroscience, 4(2), 197–210.
Happe, F. G. E. (2005). The weak central coherence account of Autism. 
In F. R. Volkmar, P. Rhea, A. Klin, & D. Cohen (Eds.), Handbook 
of Autism and pervasive developmental disorders (pp. 772–798). 
New Jersey: Wiley.
Happe, F., Booth, R., Charlton, R., & Hughes, C. (2006). Executive 
function deficits in autism spectrum disorders and attention-defi-
cit/hyperactivity disorder: Examining profiles across domains and 
ages. Brain and Cognition, 61, 25–39.
Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, 
and aging: A review and a new view. Psychology of Learning 
and Motivation, 22, 193–225. https ://doi.org/10.1016/S0079 
-7421(08)60041 -9.
Hickey, A., Crabtree, J., & Stott, J. (2017). ‘Suddenly the first fifty 
years of my life made sense’: Experiences of older people with 
Autism. Autism. https ://doi.org/10.1177/13623 61316 68091 4.
Hill, E. L. (2004). Evaluating the theory of executive dysfunction in 
Autism. Developmental Review, 24, 189–233.
Hoekstra, R. A., Bartels, M., Cath, D. C., & Boomsma, D. I. (2008). 
Factor structure, reliability and criterion validity of the Autism-
Spectrum Quotient (AQ): a study in Dutch population and patient 
groups. Journal of Autism and Developmental Disorder, 38, 
1555–1566.
Horne, J. & McDonald, A. (2012). Test Review: Wechsler Memory 
Scale—Fourth UK Edition (WMS IV UK) (1st ed., pp. 1–18). 
United Kingdom: The British Psychological Society. Retrieved 
from https ://www.pears oncli nical .co.uk/Psych ology /Adult Cogni 
tionN europ sycho logya ndLan guage /Adult Memor y/Wechs lerMe 
moryS cale-Fourt hUKEd ition (WMS-IVUK)/Resou rces/wms-iv-
revie w-july-2012.pdf (ISBN: 9781854336064)
Jurado, M. B., & Rosselli, M. (2007). The elusive nature of executive 
functions: A review of our current understanding. Neuropsychol-
ogy Review, 17(3), 213–233.
Koshino, H., Carpenter, P. A., Minshew, N. J., Cherkassky, V. L., 
Keller, T. A., & Just, M. A. (2005). Functional connectivity 
in an fMRI working memory task in high-functioning Autism. 
Neuroimage, 24, 810–821.
Lever, A. G., & Geurts, H. M. (2016). Age-related differences in 
cognition across the adult lifespan in autism spectrum disorder. 
Autism Research, 9, 666–676.
Lever, A. G., Ridderinkhof, R., Marsman, M., & Geurts, H. M. 
(2017). Reactive and proactive interference control in adults 
with autism spectrum disorder across the lifespan. Developmen-
tal Psychology, 53, 379–395.
Lever, A. G., Ridderinkhof, K. R., Werkle-Bergner, W., Brandmaier, 
A. M., & Geurts, H. M. (2015). Atypical working memory 
decline across the adults lifespan in autism spectrum disorder. 
Journal of Abnormal Psychology, 124, 1014–1026.
Loomes, R., Hull, L., & Mandy, W. P. L. (2017). What is the male-to-
female ratio in autism spectrum disorder? A systematic review 
and meta-analysis. Journal of the American Academy of Child 
and Adolescent Psychiatry, 56(6), 466–474.
Marshall, G. A., Rentz, D. M., Frey, M. T., Locascio, J. J., Johnson, 
K. A., Sperling, R. A., et al. (2011). Executive function and 
instrumental activities of daily living in mild cognitive impair-
ment and Alzheimer’s disease. Alzheimer’s & Dementia, 7(3), 
300–308.
Matson, J. L., & Shoemaker, M. (2009). Intellectual disability and its 
relationship to autism spectrum disorders. Research in Develop-
mental Disabilities, 30, 1107–1114.
Mayes, S. D., & Calhoun, S. L. (2008). WISC-IV and WIAT-II profiles 
in children with high-functioning Autism. Journal of Autism and 
Developmental Disorders, 38, 428–439.
McDaniel, M. A., & Einstein, G. O. (2011). The neuropsychology of 
prospective memory in normal aging: A componential approach. 
Neuropsychologia, 49(8), 2147–2155.
National Autistic Society. (2013). Getting on? Growing older with 
Autism: A policy report. London: National Autistic Society. 
Retrieved from http://www.autis m.org.uk/getti ngon
National Autistic Society: Autism profiles and diagnostic criteria (2016 
June 27). Retrieved from https ://www.autis m.org.uk/about /diagn 
osis/crite ria-chang es.aspx
Nilsson, L. G., Sternang, O., Ronnlund, M., & Nyberg, L. (2009). Chal-
lenging the notion of an early-onset of cognitive decline. Neurobi-
ology of Aging, 30, 521–524. Discussion 530–523.
Oliveras-Rentas, R. E., Kenworthy, L., Roberson, R. B., III, Martin, 
A., & Wallace, G. L. (2012). WISC-IV Profile in high-function-
ing Autism Spectrum Disorders: Impaired processing speed is 
associated with increased Autism communication symptoms and 
decreased adaptive communication abilities. Journal of Autism 
and Developmental Disorders, 42, 655–664.
Pellicano, E. (2010). The development of core cognitive skills in 
Autism: A 3-year prospective study. Child Development, 81, 
1400–1416.
Pennington, B. F., & Ozonoff, S. (1996). Executive functions and 
developmental psychopathology. Journal of Child Psychology 
and Psychiatry, 37, 51–87.
Powell, P., Klinger, L. G., & Klinger, M. R. (2017). Patterns of age-
related cognitive differences in adults with autism spectrum 
disorder. Journal of Autism and Developmental Disorders, 47, 
3204–3219.
Ruitenberg, A., Ott, A., van Swieten, J. C., Hofman, A., & Breteler, 
M. M. (2001). Incidence of dementia: Does gender make a differ-
ence? Neurobiology Aging, 22(4), 575–580.
Sachse, M., Schlitt, S., Hainz, D., Ciaramidaro, A., Schirman, S., 
Walter, H., et al. (2013). Executive and visuo-motor functioning 
adolescents and adults with autism spectrum disorder. Journal of 
Autism and Developmental Disorders, 43(5), 1222–1235.
Salmon, D. P., & Bondi, M. W. (2009). Neuropsychological assessment 
of dementia. Annual Review of Psychology, 60, 257–282.
Salthouse, T. A. (1996). The processing-speed theory of adult age dif-
ferences in cognition. Psychological Review, 103(3), 403–428.
Sergeant, J. A., Geurts, H., & Oosterlaan, J. (2002). How specific is a 
deficit of executive functioning for attention-deficit/hyperactivity 
disorder? Behavioural Brain Research, 130, 3–28.
Shah, A., & Frith, U. (1993). Why do autistic individuals show superior 
performance on the Block Design task? Journal of Child Psychol-
ogy and Psychiatry, 34, 1351–1364.
Spek, A. A., Loes, M. H., & Geven, F. E. M. (2017). The intel-
lectual profiles of high functioning elderly persons with a n 
Autism Spectrum Disorder. Journal of Autism. https ://doi.
org/10.7243/2054-992x-4-3.
Spek, A. A., Scholte, E. M., & van Berckelaer-Onnes, I. A. (2008). 
Brief report: The use of WAIS-III in adults with HFA and Asper-
ger syndrome. Journal of Autism and Developmental Disorders, 
38, 782–787.
Journal of Autism and Developmental Disorders 
1 3
Taub, G. E., & Benson, N. (2013). Matters of consequence: An empiri-
cal investigation of the WAIS-III and WAIS-IV and implications 
for addressing the Atkins intelligence criterion. Journal of Foren-
sic Psychology Practice, 13, 27–48.
Treitz, F. H., Heyder, K., & Daum, I. (2007). Differential course of 
executive control changes during normal aging. Neuropsychology, 
Development, and Cognition, Section B, Aging, Neuropsychology 
and Cognition, 14, 370–393.
van Niekerk, M. E. H., Croen, W., Vissers, C. W. M., van Driel-de 
Jong, D., Kan, C. C., & Voshaar, R. C. O. (2011). Diagnosing 
Autism Spectrum Disorders in elderly people. International Psy-
chogeriatrics, 23, 700–710.
Wakabayashi, A., Baron-Cohen, S., Wheelwright, S., & Tojo, Y. 
(2006). The Autism-Spectrum Quotient (AQ) in Japan: A cross-
cultural comparison. Journal of Autism and Developmental Dis-
order, 36, 263–270.
Wechsler, D. (2008a). Wechsler Adult Intelligence Scale-Fourth Edition 
(WAIS-IV). San Antonio: Pearson.
Wechsler, D. (2008b). WAIS-IV: Administration and scoring manual. 
San Antonio: Pearson.
Wechsler, D. (2008c). WAIS-IV: Technical and interpretive manual. 
San Antonio: Pearson.
Wechsler, D. (2009a). Wechsler Memory Scale—Fourth Edition (WMS-
IV). San Antonio: Pearson.
Wechsler, D. (2009b). Wechsler Memory Scale—Fourth Edition (WMS-
IV): Administration and scoring manual. San Antonio: Pearson.
Wechsler, D. (2009c). WMS-IV: Technical and interpretive manual. 
San Antonio: Pearson.
Williams, D. L., Goldstein, G., Carpenter, P. A., & Minshew, N. J. 
(2005). Verbal and spatial working memory in Autism. Journal 
of Autism and Developmental Disorders, 35, 747–756. https ://doi.
org/10.1007/s1080 3-005-0021-x.
Zinke, K., Fries, E., Altgassen, M., Kirschbaum, C., Dettenborn, L., 
& Kliegel, M. (2010). Visuospatial short-term memory explains 
deficits in tower task planning in high-functioning children with 
Autism Spectrum Disorder. Child Neuropsychology, 16, 229–241.
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
